Abstract. The nanocrystalline calcium tetraborate (CaB 4 O 7 ) was synthesized using facile coprecipitation technique. The synthesized nanophosphor is found to possess the monoclinic structure and have the particle size of about 8 nm. The Thermoluminescence glow curve of the nanophosphor has a single peak centered at about 150 C. The TL response of dosimetric peak follows a good linearity in the dose range of 0.05 to 1000 Gy, which is much wider than that of its microcrystalline counterparts. Moreover, the kinetic parameters of the TL peak of this nanophosphor obtained. The good luminescence quantum efficiency and the linearity characteristic of the present nanophosphor suggested that the concerned nanophosphor can be considered as a good candidate towards environmental dosimetric applications.
Introduction
Currently, a burst of research activates has been devoted to the nanomaterials. The novel properties of nanomaterials is arising mainly by two factors, namely the increase in the surface to volume ratio and the change in electronic structure of the material due to quantum confinement effect [1] . As the particles become smaller, the surface to volume ratio and the surface states increase and therefore reduce the excited emission via non-radiative surface recombination. This indicates that the surface states are very important to the physical properties, especially the optical properties, of nanoparticles [1] . More recent studies have revealed that the luminescence properties of nanomaterials include some outstanding characteristics such as high sensitivity and linearity dose response over a wide range of radiation doses [2] [3] [4] [5] [6] [7] [8] and they can be considered as promising results for future of radiation monitoring devices in the protection area, medical and industrial applications. Therefore, too much effort has been focused on development of new materials for radiation monitoring and the alkali and alkaline rare earth tetraborates have been found as suitable candidates in this application due to their effective atomic number, which is very close to that of human tissue (Z eff =7.42) [9] . Thermally stimulated luminescence (TSL) studies of borate compounds were started in 1974 by the work of Kazanskaya [10] . Since then, detailed TL studies on various alkali and alkaline earth tetra borates were reported. Calcium tetraborate is one of the less studied TL materials which has been suggested as an alternative to lithium fluoride for the first time by Fukuda in 1984 [11] . Since, the nanostructure form of this material has not yet been studied; the present work deals with the analysing luminescence properties of calcium tetraborate nanoparticles (CBTNPs). The samples were prepared by facile co-precipitation technique following by heat treatment and the TL response of synthesized nanocrystalline samples after irradiation to various gamma radiation doses was studied.
Experimental
In a typical synthesis, 0.2 mol of calcium chloride (CaCl 2 ) was dissolved in 100 ml de-ionized water in the presence of 1 wt% of Poly vinylpyrrolidone (PVP). The polymer was served as a capping agent in order to prevent agglomeration and control the growth of nanoparticles. Afterwards, the borax solution was prepared separately by adding 0.2 mol of borax (Na 2 B 4 O 7 ) to 100 ml of deionized water. Both solutions were heated to 48 C and stirred for 1 h so as, to obtain homogenous solution. The calcium solution was then mixed with borax solution drop wise. The white precipitate was filtered out and washed several times with distil water. The amorphous nano powder samples were dried at 80 C for 24 h and further annealed carried out in a resistive furnace in order to remove the polymer and formation of the nanocrystals. PVP and calcium chloride were purchased from Sigma Co. and borax was obtained from chem. AR chemicals. All chemicals are analytical grade products and used without further purification. The dosimetric characteristics of synthesized nanoparticles were measured using Harshaw TLD reader (model 3500), under a continuous nitrogen flux. All irradiations were carried out by using 60 Co source in wide range of doses from low to high doses (0.05 Gy-2 kGy).
Results and discussion
All the observations related to the synthesis and characterization of calcium borate were investigated and well documented earlier in ref. [12] . Herein, we focused on thermoluminescence properties of synthesized samples.
Effect of absorbed dose
The TL dose response of CBT nanocrystals as a function of exposure to gamma radiation is shown in Fig. 1 . As can be seen in this figure, the TL glow curve of CBT-NPs exhibits one predominant peak at around 150 o C, besides two small shoulders. The appearance of different glow peaks indicates that different species of traps were being activated within the particular temperature range and each has its own value of energy [6] . The complex TL peak in un-doped samples can be related to intrinsic defects like cation vacancy or creation of some short living defects like defects in boronoxygen sub-lattice under irradiation [13] . The results demonstrated that with increasing of gamma radiation dose from 0.05 to 1000 Gy, the TL intensity and the peak height as a function of exposure keeps on increasing. Since, in the nanophosphors materials, the electron-hole pairs are formed inside the nanoparticles and they are separated from each other by a short distance at high doses, therefore with increasing of radiation doses, the recombination becomes more probable, and the luminescence yield is enhanced [14] . Furthermore, the results showed that the increasing of radiation dose from 0.05 to 1000 Gy, shifts the TL peak towards the higher temperatures from 121 to 150 o C, respectively. This peak shift maybe is due to different kind of produced traps by irradiation and depends on sites of incorporated impurity by the way of preparation [6] .
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Fig. 1. Glow curve patterns for the synthesized CBT-NPs irradiated different range of gamma exposures

Linearity dose response
The most striking feature of nanophosphors materials is the linearity dose response at high doses [6, [15] [16] , while the microcrystalline materials display a linear response over a lower dose range of 10 -5 to 10 Gy [17] . As can be seen in Fig. 2 , the CBT nanophosphor exhibits a good linearity dose response in the range of 0.05 to 1000 Gy and on the further increasing of gamma dose the TL response becomes saturate (over 1 kGy). The result is so remarkable in compared to microcrystalline analogous where it saturated over 100 Gy gamma dose [18] [19] . An explanation for such behaviour of the nanophosphors materials can be made on the basis of the track interaction model (TIM) [20] [21] . According to this model the number of generated traps due to irradiation depends upon both the length of tracks in matrix and area of cross-section of tracks. In the case of nanomaterials, there still exist some particles that would have missed due to very tiny size, while being targeted by high energy radiation. Therefore, on increasing of radiation dose these nanoparticles which had earlier been left out from the radiation now generate trapping and luminescent centers. So we do not get saturation in nanomaterials even at higher doses. This may also be explained on basis of large surface to volume ratio which results in a higher surface barrier energy for nanoparticles. Thus on increasing the doses, the energy density crosses the barrier and a Advanced Materials Research Vol. 832large number of defects produced in the nanomaterials ultimately keep on increasing with the dose till saturation is achieved [22] . 
Trap parameters
The calculation of kinetic parameters known as trapping parameters, i.e. activation energy (E), order of kinetics (b) and frequency factor (s), is one of the challenging areas of research. Herein, E is a depth of trap or required energy to eject the electron from the trap and s is the rate of electron ejection. The order of kinetics (b) is a measure of the probability that a free electron gets re-trapped. The availability of empty traps and the density of empty traps can increase re-trapping probability. In order to obtain the kinetic parameters, the TL glow curves are deconvoluted using OriginPro 8 software based on the Gaussian curve fitting (Fig. 3 ) and the glow curve shape method proposed by Chen was utilized to verify the trapping parameters. To determine the trapping parameters associated with the prominent peak (peaking around 150 •C) the following shape parameters were determined:
Order of kinetic:
Order of kinetics (b) was determined by calculating the symmetry factor (µ g ) of the glow peak from the known values of shape parameters:
Where T m is the peak temperature and T 1 and T 2 are the temperatures on either side of T m corresponding to half peak intensity. The shape factor (µg) for the 150 •C glow peak of CBT was found to be 0.52 which shows that this peak obeys second order of kinetics with b = 2.
Activation energy:
Activation energy (E) was calculated by using the Chen's equations [23] which gives the trap depth in terms of τ , δ, ω. A general formula for E was given by:
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Conclusion
The synthesized calcium borate nanocrystalline has been prepared by facile co-precipitation technique following by heat treatment. The thermoluminescence studies of nanocrystalline phosphor irradiated with gamma rays are presented and the kinetic parameters of the sample at heating rate of 5 o Cs -1 are calculated by Chen method. The nanocrystalline phosphor exhibited high linear correlation between gamma radiation dose and TL response which suggest that CBT nanophosphor can be counted as a promising material in radiation monitoring.
